Non- Topological Gauss-Bonnet type model of gravity with torsion 
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freedom corresponding to the spin two field, (7(1) gauge vector field and spin zero field. A remarkable 
feature is that the kinetic part of the Hamiltonian containing the spin two field is positively defined. 
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mechanism of emergent Einstein gravity as an effective theory which can be induced due to quantum 
dynamics of torsion. 
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I. INTRODUCTION 



Recently a modified Gauss-Bonnet gravity is a subject 
of intensive studies in constructing alternative cosmolog- 
ical models (T], ^ . The Gauss-Bonnet term appears also 
in low-energy effective action of superstring [3] which is a 
candidate for a consistent theory of quantum gravity uni- 
fied with other fundamental interactions. On the other 
hand, the gauge approach to gravity based on gauging 
Lorentz and Poincare groups [j, H, @, 0, Hi can also lead 
to a consistent quantum theory of gravity in the frame- 
work of field theory formalism [l^, The exten- 
sion of gravity models to the case of non-Riemannian 
space-time geometry reveals new possibilities towards 
construction of renormalizable quantum gravity with tor- 
sion [13, m, [fl [3 ■ ^ Lorentz gauge model of gravity 
with Yang-Mills type La gran gian including torsion has 
been developed further in [3] where it has been proposed 
that the Einstein gravity with a cosmological term can be 
induced as an effective theory due to quantum corrections 
of torsion. In that model the space-time metric is treated 
as a fixed classical field while the contortion (torsion) sup- 
posed to be a quantum field. Such a treatment of the met- 
ric is not satisfactory from the conceptual point of view 
since one has to assume the existence of the fixed classical 



'Electronic address: lhniul982@hotmail.com1 
t Electronic address: |dmipak®phya.snu.ac.kr] 



space-time with a metric given a priori. In other words, 
we encounter the problem of space-time background de- 
pendence which is similar to the space-time dependence 
problem in superstrings. One possible way to resolve this 
problem is to generalize the Lorentz gauge model by ex- 
tending the gauge group to Poincare one. In that case 
the gauge potential of Poincare group, the vielbein, be- 
comes dynamical on equal footing with torsion. Another 
interesting possibility is to consider such a gravity model 
which assumes the existence of a pure topological phase 
with unfixed, arbitrary metric from the start. 

In the present paper we consider a non-topological 
Gauss-Bonnet type gravity model with torsion and study 
its classical and quantum properties. We demonstrate 
that the model admits a propagating torsion, and this 
is strictly different from the Gauss-Bonnet gravity model 
in Lovelock form [13, [iBl- The non-topological Gauss- 
Bonnet gravity represents an alternative theory to Yang- 
Mills type gauge model of gravity and it can provide 
the mechanism of emergent Einstein gravity via quan- 
tum dynamics of torsion as it was proposed recently in 
16]. The main advantage of the present model is that 
in the absence of torsion the theory describes a pure 
topological phase of gravity with an arbitrary space-time 
metric which does not satisfy any equation of motion. 
The metric becomes dynamical only after inducing the 
Einstein-Hilbert term in the quantum effective action. It 
is remarkable that the torsion in our model possesses a re- 
duced set of physical field components including a unique 
spin two field. So that the torsion can be interpreted as a 
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gravitational quantum counter-part to the metric treated 
as a classical field variable of the effective Einstein grav- 
ity. Besides, the spin two field component of torsion leads 
to a positively-definite kinetic term in the Hamiltonian, 
unlike the case of Lorentz gauge gravity models which 
have the well-known non-unitarity problem . 

In section II, we describe the non-topological model of 
Gauss-Bonnet type gravity in the framework of Riemann- 
Cartan geometry. In section III, we study the canonical 
structure of the model in a special case of flat space-time 
metric and non-vanishing torsion which plays a role of 
the gauge potential in Lorentz gauge field theory. The 
quantization of the model in a constant curvature space- 
time background with quantum torsion field is considered 
in section IV. In the last section we discuss the possibility 
of generating the Einstein-Hilbert term and cosmological 
constant as a result of torsion radiative corrections. 



II. THE MODEL 

Let us start with the main outlines of Riemann-Cartan 
geometry. The basic geometric objects in approaches to 
formulation of gravity as a gauge theory of the Poincare 
group are the vielbein e™ and the general Lorentz 

afHne connection A^"^. The infinitesimal Lorentz trans- 
formation of the vielbein e™ is given by 

<5e;" = [A,er]=A>r, (1) 

where A = Acd^'^'^ is a Lie algebra valued gauge pa- 
rameter, and ^l'^'^ is a generator of Lorentz Lie algebra. 
We assume that the vielbein is invertible and the signa- 
ture of the flat metric rjab in the tangent space-time is 
Minkowskian, rjab — diag(H ). 

The covariant derivative with respect to Lorentz group 
transformation is defined in a standard manner 

Ca = e^(a,„ + <?A,„), (2) 

where A^ = Amcd^'^'^ is a general affine connection tak- 
ing values in the Lorentz Lie algebra, and g is a new 
gravitational gauge coupling constant. For brevity of no- 
tation we will use a redefined connection which absorbs 
the coupling constant. The original Lorentz gauge trans- 
formation of the connection A,„ has the form 

6Am = -a,„A - [A,„, A]. (3) 

The affine connection Amcd can be rewritten as a 
sum of Levi-Civita spin connection tp^{e) and contor- 



-e^d^^el + e'^^'e^dae^c - d'e^^a)- (5) 

The torsion and curvature tensors are defined in a 
standard way 

[Da, Dh] = Tg^Dc + Rq6, 

- KJ, - K,l, (6) 

here, Rq6 = Rabcd^'^'^- Under the decomposition ([4]) the 
Riemann-Cartan curvature is splitted into two parts 

Rabcd — Rated + Rated, (7) 
Rated = DaiPi^ + ^ae^Vtt - ^ 
Rated = DaK,_f + KJE.^^ - {a ^ b) , 

where the underlined indices stand for indices over which 
the covariantization has been performed. 

With these preliminaries let us write down the well- 
known Lagrangian of Gauss-Bonnet gravity of Lovelock 
type in four-dimensional space-time [ITI . Il8l | 

C-Loveloek — Po^atedR"^'' A R'^'^ , (8) 

where Po is a dimensionless constant and Rat is the 
Riemann-Cartan curvature two-form. Since the La- 
grangian is represented by a closed differential form it 
does not produce equations of motion, so that the torsion 
has no propagating modes. We will consider a model of 
gravity with torsion based on the following Gauss-Bonnet 
type Lagrangian 

^ = —^IgB = ~ ^{RatedR"'^'^'^ ~ ARatR"'^ + R^) ■ (9) 

In a case of Riemannian space-time geometry, when tor- 
sion vanishes, the Lovelock term, ([8|), reduces to the stan- 
dard Gauss-Bonnet topological invariant which can be 
rewritten in its original form Igb, ®, in terms of Rie- 
mann curvature (up to a normalization factor). How- 
ever, it is important to stress that in the presence of 
torsion the Gauss-Bonnet combination lo b is principally 
different from the Lovelock term CLoveiock- Namely, one 
can check that the Gauss-Bonnet Lagrangian in the form 
([9]) does not correspond to any topological invariant in 
Riemann-Cartan geometry since it can not be expressed 
as a total divergence. In the subsequent sections we will 
demonstrate that the contortion (torsion) in our model 
with Lagrangian ^ reveals non-trivial dynamical prop- 
erties and a number of interesting features. 
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III. GAUSS-BONNET TYPE GAUGE MODEL 
IN FLAT SPACE-TIME 



The Lorentz gauge model described by Gauss-Bonnet 
type Lagrangian ([9]) contains two sets of variables, the 
vielbein and the torsion. As we will see in the next sec- 
tion, the one-loop effective action with a constant cur- 
vature space-time background and quantum torsion pos- 
sesses additional local symmetries which reduce the dy- 
namical content of torsion. However, beyond one-loop 
approximation and with no assumption of constant cur- 
vature space-time the local symmetries may not survive. 
So that it is not obvious whether the number of dynam- 
ical torsion degrees of freedom remains the same in gen- 
eral. To understand the origin of the dynamical content of 
torsion we consider first the classical structure of Gauss- 
Bonnet gravity in the simplest case when the space-time 
metric is flat. In this limit the model represents a pure 
Lorentz gauge field theory with the quadratic Lagrangian 
£, Q, and contortion Kbcd as a gauge potential. The 
Riemann-Cartan curvature represents the Lorentz gauge 
field strength which can be written in a standard form 
(we keep for the Lorentz gauge field strength the same 
notation as for the Riemann-Cartan curvature) 

Rabcd = daKbcd - dbKacd + K^^Kbed " K^c'^Kaed- (10) 

Let us consider the canonical structure of the Lorentz 
gauge theory along the lines of canonical formalism of 
theories with constraints [l^. The canonical momenta 
corresponding to the gauge potential Kmcd are defined as 



follows 



'^mcd 



dC 



QJ^mcd 



— Romcd + {SocRind + (^mdRoc 

+ ^RSndSrnc-{c^d)), (11) 



where K™" — d^Kmcd- One can check that the canonical 
momenta TTocd vanish identically and represent first-stage 
constraints 



TTOcd = 0. 



(12) 



There are other momenta, tt^qs (we use Greek letters for 
space indices), which do not contain terms with time 
derivatives of Kmcd and, due to this, they produce ad- 
ditional primary constraints 



-Rofios + RfiS + S/j^sRoo — 7r<5^<5-R- (13) 



In Lagrange formalism it follows that the Lagrange equa- 
tions of motion for the field K^os are not dynamical but 
represent first order differential equations. These equa- 
tions are solvable constraints in the theory which can be 



solved for K^qs at least in principle. So that the compo- 
nents K^os do not represent dynamical degrees of free- 
dom, and they can be excluded from the physical field 
spectrum. 

The remaining canonical momenta Tr^-^a have the fol- 
lowing form 



(14) 



These equations can be resolved to find the "velocities" 

^ Trs + d^Ko.s + K'KocS-KoceK^'s, (15) 

where K'^ = Kj^'"'. One can insert the "velocities" Kfj^^s 
into the initial Lagrangian 

1 



+ 2k^'"\^Ro^os+R^.s 



+ S^sRoo-l^.sR) + CiK), 
^{K) = ^^^iff'^d. ~ R-opos + Rps + Rpo 

+ Rqq - T-^^ 



(16) 



where Rated are defined by the expressions for the field 
strength Rabcd with omitted time derivative terms. With 
this one can define an extended Hamiltonian Il9l 



H* — TTmrrlK 



i^rncd 



c. 



(17) 



After inserting the functions K^-^g, (|15p . into the ex- 
tended Hamiltonian H* one obtains the Hamiltonian 
H^^^ with the partially resolved "velocities" K^-ys and 
first-stage constraints <&i^)i, $2^^^ 



+ i(5^5(i?-2i?oo), 



(18) 



where A^'^'^, A'^"'' are Lagrange multipliers. We can see 
that the first kinetic term in the Hamiltonian provides 
a positive contribution to the energy. There is no term 



4 



quadratic in momentum Tr^oa which could produce a neg- 
ative energy contribution as in the case of Yang-Mills 
type i?^-gravity. This is a direct consequence of the spe- 
cific structure of the Gauss-Bonnet combination. Still one 
has a negative contribution coming from the second term 
in H^^\ so that the total Hamiltonian is not positively- 
defined. Notice, the Weyl type Lagrangian 

leads to a Hamiltonian with a non- vanishing kinetic term 
— TT^Q^, whereas the kinetic term tt^ docs not appear at 
all since the canonical momenta iTd vanish identically 

One can verify that the first-stage constraints com- 
mute to each other 

= 0- (20) 

By direct calculating the Poisson brackets between the 
Hamiltonian H^^'^ and the first stage constraints ^^i^^j one 
can find the second-stage constraints 

- K^''si'^i'^,-^0O,), (21) 

where the covariantization is assumed on underlined in- 
dices. One can calculate the following Poisson bracket 

(22) 

This implies that the Lagrange multiplier Aocrf can 
not be found as a solution of a new constraint. This 
is consistent with the fact of presence of the original 
Lorentz gauge symmetry due to which one can impose 
the Coulomb gauge condition KqccI ~ 0. 

The explicit expression for the second-stage constraint 
^2/x5 turns out to be quite complicate. Because of this 
it is hard to find an explicit solution for the second La- 
grange multiplier A^oa as a solution of higher stage con- 
straints. This obstacle reflects the high non-linearity of 
the Lagrange equation for if^oi- Notice that, since K^Qf, 
satisfies first order differential equation, it can not be set 
to zero. That means there is no additional local sym- 
metries in the full Lagrangian except for the original one 
given by (121) . To analyze the number of local dynamical 
degrees of freedom in the theory it is enough to consider 
a free part of the Lagrangian ([9|) 

- 2d''Ktadd''K^ + {dbKdf - {d'Ktf. (23) 



One can verify that there are indeed only nine physical 
degrees of freedom corresponding to the field K^^s- To 
see that, notice that the free Lagrangian has additional 
two types of gauge symmetries under the following trans- 
formations 

5K,ncd = dcTdm ~ ddTcm, (24) 
5K,ncd — dcadm ~ ddOcm, (25) 

where Ted, <Jcd are constrained gauge parameters satisfy- 
ing the conditions 

Ocd = CTdc, d'^CTcd = 0, 

Ted = ~Tdc, d^Tcd = 0. (26) 

The constrained gauge parameter Ucd has six indepen- 
dent degrees of freedom whereas the parameter Ted has 
only three independent degrees of freedom. To count the 
independent degrees of Ted it is convenient to replace Ted 
with its dual counter-part 

Ted = - -^^cdabT*"''' ■ (27) 

This replacement allows to express the dual gauge pa- 
rameter T*^ in terms of a new vector -tpa 

t:, = Da^Jb - Db^a- (28) 

The definition of ipa implies a secondary gauge invariance 

^xV'a = DaX (29) 

which decreases the number of independent degrees of 
freedom up to three. So that, the total number of inde- 
pendent pure gauge degrees of freedom for the symmetries 
([Ml [55]) is nine. After subtracting six Lorentz gauge de- 
grees we obtain finally nine physical degrees of freedom 
for Khed in agreement with the results obtained in the 
canonical formalism. 

In the next section we will consider the quantization 
of the Gauss-Bonnet gravity model in the presence of 
non-fiat background metric corresponding to a constant 
curvature space-time. We will show that the number of 
additional local gauge symmetries will be decreased, how- 
ever, the number of physical dynamical degrees of free- 
dom remains the same. 



IV. QUANTIZATION IN A CONSTANT 
CURVATURE SPACE-TIME BACKGROUND 

One-loop effective action with a constant curvature 
space-time background and quantum torsion has been 
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calculated recently in the model with Yang-Mills typ e 
Lagrangian quadratic in Riemann-Cartan curvature 16]. 
In this section we consider perturbative quantization of 
the model with Gauss-Bonnet type Lagrangian, ^ . The 
quantization procedure is similar to the covariant back- 
ground quantization in supergravity (20j . We apply the 
quantization scheme based on functional integral. In 
background field formalism one starts with splitting the 
general gauge connection Amcd into background (classi- 
cal) and quantum parts 

( cl) 

In this section we identify the classical field A^^^^ with 
the Levi-Civita connection (pmcd{e) corresponding to the 
Riemannian space-time geometry and the quantum part 
^mcrf "^ith contortion K^cd which represents quantum 
dynamical degrees of freedom. 

Let us define two types of Lorentz gauge transforma- 
tions consistent with the original gauge transformation 
da]) and splitting pO)) : 

(I) the classical, or background, gauge transformation 

(5K™ = -[K„„A], (31) 

(II) the quantum gauge transformation 

<5e™ = 5c^„(e) = 0, 

5K™--AnA-[Km,A], (32) 

where = ipmcd^'^'^, and the restricted covariant 

derivative Dm is defined by means of the Levi-Civita con- 
nection only 

DmA = d,nA+[v„„A]. (33) 

Notice that the restricted derivative Dm is covariant un- 
der the classical Lorentz gauge transformation. 

In one-loop approximation it is sufficient to keep 
only quadratic contortion terms in the Lagrangian. Af- 
ter integration by part and neglecting surface terms the 
quadratic Lagrangian can be reduced to the form 

C^^^ = -\[Igb{R) + 2DaKbcd{D''K'^'' - D^K'^'^) 
~A{WKbadf + SD'^K^adD^'K'' - A{bbKdf 
+4{DbK''f + 4RabcdK''''KY - 8R'"'{K''Khed 
-KbceK^^a) ~ 2R{Kj + K'^'K^.b)] , (34) 

where Igb{R) is the topological Gauss-Bonnet density 
(up to an appropriate normalization factor). 



To simplify the analysis of local dynamical degrees 
of freedom in the theory with curved space-time back- 
ground (within the framework of perturbative quantiza- 
tion) we will use adiabatic approximation. So that the 
Riemann curvature is supposed to be covariant constant, 

i.e., DaRbcde = 0. 

An interesting feature of the quadratic Lagrangian 
((34)) is the presence of additional local U{1) symmetry 

5u{i)Kbcd = -^{VbcDdX - r]bdDcX), 

5u(i)Kd = Dd\. (35) 

This U{\) symmetry corresponds to the symmetry (I25p 
in the flat space-time with the gauge parameter A = cr^!^. 
Notice, that a free part of the Yang-Mills type Lagrangian 

Cym = -^Rlbcd (36) 

does not possess such a local C/(l) symmetry. 

It is convenient to decompose the contortion into ir- 
reducible parts 

Kbcd = Qbcd + -;:iVbcKd - VmKc) + -ebcdeS'^, 
3 6 

Q^d = 0, 

e'^'^'^Qbcd = 0. (37) 

For simplicity we choose the covariant constant back- 
ground space-time as a Riemannian space-time of con- 
stant curvature 

Rabcd = J^RiVacllbd " Vadtlbc)- (38) 

With this the Lagrangian (p4)) can be rewritten in the 
form 

C^^^ = ~\Igb{R) - liDaQbcdf + \D''Q''"'bbQacd 

HD^Qbadf - lb''Qbadb''K'' + ^RQ^--Q,,b 

+ \{bkKd - DdKbf + ^{baS'^f ~ ^RS\ (39) 

An unexpected feature of the quadratic Lagrangian 
/C*-^-* , ([55]) , is that it admits another local symmetry cor- 
responding to the symmetry (j25p in flat space-time limit. 
The symmetry is provided by the following transforma- 
tions with a new constrained parameter Xbc 

SxQbcd = DcXdb — DdXcb, 

S^Kd = 0, 
S^S" = 0, 

Xbc = Xcb. X'c = 0, DcXcd = 0- (40) 
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The field Qtcd has sixteen field components in general. 
After subtracting six pure gauge degrees of freedom due 
to Lorentz gauge symmetry and five degrees due to x~ 
symmetry one has exactly five physical degrees of free- 
dom for the spin two field. The fact that we have only 
one physical spin two field is unexpected, and it does not 
occur in the gauge gravity model with Yang-Mills type 
Lagrangian Lym, where the contortion Qhcd con- 

tains a pair of two spin fields, one of which produces a 
negative contribution to the Hamiltonian. 

Notice, that the last term in the Lagrangian pre- 
vents appearance of the local symmetry (|24p. This is 
not surprising, because the symmetries available in the 
case of flat space-time may not survive in curved space- 
time theory. Nevertheless, one can easily verify from the 
equations of motion for the vector field 8°" that only the 
temporal component is dynamical. The equations of 
motion for the space field components represent the 
first-order differential equations in respect to time deriva- 
tive, so that they are constraints in the theory which can 
be solved. This implies that the field Sa contains only 
one dynamical degree of freedom corresponding to spin 
zero field. 

The fact that the field Sa has only scalar dynami- 
cal degree of freedom completes the analogy between the 
metric tensor which has spin 2 and spin irreducible com- 
ponents and the torsion fields Qhcd, Sa which have exactly 
six dynamical degrees of freedom corresponding to fields 
of spin two and zero. This can serve as an additional 
argument to our conjecture that the torsion represents a 
dynamic degree of freedom of quantum gravity [lB| and 
the classical metric tensor inherits its properties after the 
Einstein gravity emerges as an effective theory via quan- 
tum dynamics of torsion. We will discuss on this in more 
details in the last section. Notice, we have totally nine 
physical degrees of freedom for the fields Qtcd, Kd, S°- in 
agreement with the analysis presented in the previous 
section. 

Having all local symmetries of the quadratic La- 
grangian one can perform the formal quantization using 
the standard methods of quantum field theory. First we 
fix the gauge under the quantum type (11) gauge trans- 
formations, (j32p . which can be written for the torsion 
irreducible fields Qbcd, Ka, Sa 

SQbcd = SKbcd " 7:{'nbcSKd - rjbdSKc) - -ebcdeSS", 
3 b 

SKd = -D'Acd. 

where we keep only linear terms, that is enough in one- 
loop approximation. The simplest gauge fixing function 
we have chosen is the following 

Fled = D''Qbcd- (42) 



One has a simple transformation rule for the gauge func- 
tion 

SFi,d = -l{DD + ^)A,d. (43) 

With this one can write down the corresponding gauge 
fixing term and Faddeev-Popov ghost Lagrangian 

= cfiDD + |)cied, (44) 

where c, c are ghost fields. For simplicity we choose the 
gauge parameter = 1. Notice, that the gauge function 
Fled is invariant under U{1) and x-transformations, (j35l 
HUl) . To fix the gauge for the local U{1) symmetry one 
has to introduce a second gauge fixing function which can 
be chosen as 

F2 - D'^Kb. (45) 

The corresponding gauge fixing term and Faddeev-Popov 
Lagrangian have the following form 

cfj^-UD'Kbr, 

= C2DDC2. (46) 

We choose a Feynman gauge (^2 = 1) for simplicity. 
Finally, to fix the gauge for ^-transformations one can 
choose the following gauge fixing function 

Fsbd = -^{D°'Qbad + D°-Qdab), 

v'''F3bd = 0, 

D^'F^bd = ^D'^D'Qbad ^ 0, (47) 

where the last equality takes place on the hypersur- 
face D^Qbcd = in the configuration space of functions 
{Qbcd}- One can easily find the corresponding gauge fix- 
ing and ghost terms 

r(3) Lp2 

cPp = r^iDD - |)V'cd. (48) 

We set ^3 = — which corresponds to symmetric gauge. 

The final expression for a total one-loop effective La- 
grangian is given by the sum of all gauge fixing and ghost 
terms 
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- -\Igb{R) - \{DaQbcdf + \{D''Qbadf - \D'VbadDcQ''''' - \d'' Qbadt)" K^' 

-lRQld + ^Q''''Qcdb + l{DaKb)' + ^RK',~^S-{3DaDb + VabR)S''+ J2 ^FP- (49) 



The expression for the effective Lagrangian is ready for 
calculation of the one-loop effective action. The contribu- 
tions of ghosts are given by scalar functional determinants 
which can be easily calculated in analytic form as in 16]. 
Calculation of the contribution produced by contortion 
is much more complicate due to the tensorial structure 
of the corresponding propagator. At least it can be esti- 
mated by using the high derivative expansion. 

The propagator for the fields Qbcd, Kd can be found 
straightforward. The principal part of such calculation is 
to find an inverse operator to operator Q^^^ kinetic 
term 

C'^-{Q)^\Q'^^gZdQ,,r. (50) 

We prove the existence of the propagator for Qbcd by 
explicit calculating the inverse operator in flat space-time 
limit. In that limit one has 

QZd-KTd^ + ^Td^ + KTd^^ 

= yi5tdd^d'^\ (51) 

where, □ = 9^, and we use the following rule for anti- 
symmetrization over indices [a,b] = —(ab—ba). The prop- 
agator Q^^ can be defined as a right or left inverse oper- 
ator to Q. We will choose a left operator, i.e., Q~^Q = 1. 
The inverse operator reads 

g-^ = ^(l+4/C-4S-6.F), 

FZ = ^S^^dd]d^^dbd''. (52) 

(s) 

The inverse operator to the kinetic operator 0^^^ = 

3DaDb + VabR for the field S'^ can be found for the non- 
flat space-time with a constant Riemann curvature in a 
complete form 

iS^'Kb = Da ^-^Db). (53) 



I 

The inverse operator does not have additional poles, but 
it has a singularity at — * 0. This is related to the fact 
of appearance of the additional local symmetry in 
flat space-time limit. Notice, that the curvature R plays 
the role of a mass scale which makes worse the ultra- 
violet behavior of the propagator. Because of this the 
model looks non-renormalizable within the perturbative 
quantization scheme. One should notice that the scale 
R appears to be a natural cut-off parameter related to 
the finite size of the Universe. So that, the standard 
perturbative technique of Feynman diagrams with un- 
limited internal momentum inside loops needs some im- 
provement at least. Still it is possible that the model 
can be renormalizable non-perturbatively, since the orig- 
inal Lagrangian reveals high symmetry, and, there is no 
dimensional coupling constants in the theory. 



V. DISCUSSION 

In our previous paper [l6j we have proposed a mech- 
anism of dynamical generation of Einstein gravity and 
cosmological term via quantum corrections of torsion in 
the framework of Yang-Mills type Lorentz gauge model. 
The main ingredient of such a mechanism is the forma- 
tion of torsion vacuum condensate which we assumed to 
be covariant constant 

< Rabcd >= ^M'^ {riacVbd " VadVbc), (54) 

where is a mass scale parameter characterizing the 
torsion condensate. The factor need to be posi- 
tive since it corresponds to positive curvature space-time 
which can only be created during the vacuum transition 
from the trivial vacuum to the non-trivial one. Expand- 
ing the original classical Lagrangian C, (O, around the 
new vacuum by shifting Rabcd Rabcd+ < Rabcd > 
one obtains the following torsionless part of the Einstein- 
Hilbert effective action 

CEHeff^-llGB{R)~lRM^~lM\ (55) 

Notice, that the second and third terms in the effective 
action are completely identical to those in the effective ac- 
tion obtained from the Yang-Mills type Lagrangian (l6j . 
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One should emphasize that even though the vacuum av- 
eraged value < Rabcd > is specified by ((54)) . the classi- 
cal gravitational field Rated is not constrained in general. 
The last term in the equation corresponds to a positive 
vacuum energy density which is supposed to be born dur- 
ing the vacuum transition. This is consistent with the 
positiveness of the scale parameter and with the fact 
that the torsion condensate ([5^ corresponds to the grav- 
itomagnetic part of the Ricman-Cartan curvature [l6| . 

Notice that the torsion condensate ([M]) is supposed 
to be covariant constant. Rigorously speaking, such a 
constant solution is unstable in general like the constant 
chromomagnetic field configuration in quantum chromo- 
dynamics which leads to vacuum instability [2]| . One 
can see that the ghost kinetic operator in (gS]) is not pos- 
itively defined. This implies existence of tachyonic mode 
in the theory, so that the constant curvature solution cor- 
responds to a false vacuum, and a true microscopic vac- 
uum should be realized by some other non-trivial solu- 
tion. In this respect the search of possible classical stable 
vacuum solutions in Einstein-Gauss-Bonnet gravity with 
torsion is of great importance (2^ . 

In conclusion, we have considered a non-topological 
Gauss-Bonnet type model of gravity with dynamical tor- 
sion. The model has a number of advantages to compare 
with Yang-Mills type Lorentz gauge gravity. In the ab- 
sence of torsion the model reduces to a pure topological 
Gauss-Bonnet gravity, i.e., one has a topological phase 



where the metric is not specified a priori. The metric 
obtains its dynamical content after dynamical symmetry 
breaking in the phase of effective Einstein gravity which 
is induced by quantum torsion corrections. Remarkably, 
the contortion in our model has only one physical spin 
two field which can be interpreted as a torsion quantum 
counter-part to the classical graviton. So that we don't 
have to quantize the metric which can be treated as a clas- 
sical object of the effective Einstein theory, whereas the 
torsion (its spin two field component) could be respon- 
sible for the quantum effects of gravitation. Another in- 
teresting result is that the Hamiltonian part correspond- 
ing to the spin two torsion component is positively de- 
fined unlike the case of Yang-Mills type Lorentz gauge 
theory. An obvious drawback of the model is still the 
presence of the vector mode which produces a nega- 
tive contribution to the energy. One possible way to re- 
move this difficulty is to extend the model by introducing 
supersymmetry which supposed to be unbroken at scale 
near the Planckian one. Possible applications of Lorentz 
gauge models of gravity with Lagrangians quadratic in 
Riemann-Cartan curvature in cosmology of early Uni- 
verse will be considered elsewhere. 
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